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Abstract
Eﬃcient cooling of the target material is a key issue in the design of a spallation target. The aim of the RTFT (Rotating Target
Flow Test) facility at ESS Bilbao (Zamudio, Spain) is the characterization of coolant ﬂow in rotating targets. Maps of ﬂow velocity
along cooling channels are obtained with PIV (Particle Image Velocimetry) techniques. Tests are performed with water ﬂowing at
up to 30 l/s and 5 bar, for diﬀerent disk rotation rates, and are used to evaluate target designs in terms of potential ﬂow instabilities
and adverse eﬀects -such as ﬂow stagnation and recirculation-, to benchmark calculation and simulation models, and to assess ﬁnal
target designs.
ESS Bilbao and SNS have recently performed a ﬁrst test campaign on a full scale mockup of the latest SNS design for a 1.5MW
rotating target. Tests included runs at several operation conditions, plus an emergency stop simulation, for observation of the water
ﬂow evolution in a pump sudden stop event.
c© 2014 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the Organizing Committee of UCANS III and UCANS IV.
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1. Introduction
The RTFT is a test device, designed and built by IDOM Engineering Company at ESS-Bilbao facilities in Zamudio
(Spain), with the purpose of obtaining, by means of experimental PIV (Particle Image Velocimetry) techniques, ﬂow
velocity maps from diﬀerent water-cooled neutron producing targets. These maps are used to optimize, assess and
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Fig. 1. RTFT overview.
verify design functionality. Through a cooperation programme between ESS-Bilbao and Oak-Ridge National Labo-
ratory, the SNS Second Target Station design [McManamy et al (2010)] is currently being studied. This SNS design
consists of a tungsten rotating disk, with a tantalum cladding and a steel cover around it. Water is circulated along
1.5-3 mm wide channels between cladding and cover, with ﬂow rates ranging from 5 to 30 l/s. Cooling around the
most critical target areas heavily relies on heat transfer at the ﬂuid ﬁlm. Hence, a precise estimation of ﬂow conditions
using CFD tools is required. For this reason, a series of experiments were carried out at the RTFT facility during sum-
mer 2012, in order to validate previously obtained results from CFD simulations and to optimize the Second Target
Station spallation target design. In addition, accidental scenarios were reproduced as well, including, for instance,
a sudden pump stop. It was concluded that, due to ﬂuid inertia, water ﬂow does not stop immediately after event
initiation, but after a certain period of time. The experiment intended to determine the dynamic evolution of water
ﬂow, which might be critical for target integrity.
2. Rotating Target Flow Test features
As previously mentioned, the RTFT (Fig. 1) is a facility dedicated to measuring water ﬂow velocities in a rotating
target. It consists of three subsystems: cooling circuit, rotating target and PIV ﬂow measuring system.
• The cooling system consists of a conventional water circuit, similar to that of a boiler system. It can provide a
ﬂow in the range of 5-30 l/s and operate at 5-6 bar. If circuit pressure reaches 7-8 bar, the system is automatically
depressurized by opening a relief valve to protect the RTFT. Pump control can be carried out remotely from a
computer software. The program records operating parameters, like pressure, target temperature mass ﬂow rate
and water velocities in an Excel ﬁle.
• The rotating target reproduces channel geometry through an aluminum housing [Zarraoa-Garmendia et al.
(2010)]. The disk can rotate at up to 60 rmp, both clockwise and counterclockwise. Disk rotation can also be
controlled from the same computer software as the pump.
• The PIV system for velocity measuring consists of several components: a transparent window (polymethyl
mathacrylate, PMMA) to visualize water inside the channels, a high deﬁnition camera, a high intensity laser
(level 4) and silver nitrate particles.
The PIV system is used to measure water ﬂow velocity inside target channels. Water velocity is obtained by
comparing the position of particles suspended in the water ﬂow in two consecutive instants, separated by just a few
microseconds. The laser illuminates the window at these precise instants, when the camera obtains two diﬀerent im-
ages. Later, these images are processes by a computer program where particle displacements are measure. Given that
the time interval between images is known, water velocity can be estimated. By repeating this image capture a certain
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Fig. 2. Window deﬂection.
number of times (up to 100), an average water velocity map can be obtained. The PIV system can also operate when
the disk is rotating. In this case, the laser and camera shots are synchronized by a trigger.
3. Experiments
3.1. Preliminary considerations
An important eﬀect that was observed at the RTFT, and that must be considered in CFD simulations, is the ﬂow
deﬂection due to window deformation caused by a relatively high circuit pressure. Given that the window is made
of a plastic material, softer than steel, a slight inﬂation inside the window occurs, resulting in a larger cross section
available and slower ﬂuid velocities. Figure 2 shows measured deﬂection for diﬀerent pressures. It can be observed
that channel deformation is greater than 1 mm above 4 bar in pressure. Taking into account that channel thickness
ranges from 1.5 to 3 mm, this means an increase in thickness of over 50% occurs, drastically aﬀecting water ﬂow.
Another aspect to be remarked is that the laser cannot illuminate the window completely, so images are obtained
from a speciﬁc region. Then, in order to identify the illuminated region, the window has been divided into diﬀerent
sectors. It is divided by 7 guides and each one is marked by 8 crosses. The reason why these crosses are marked is
to provide a reference distance for particle movement. This distance is approximately 30 mm. Guides are numbered
from 1 to 7 and crosses are named A to H, as shown un Figure 3.
3.2. Comparison between experiments and calculations
Once ﬂow deﬂection and pressure eﬀects have been taken into account, and the window has been divided into
sectors, a series of experiments was carried out. The most remarkable of these experiments are listed on Table 1.
One of the most important parameters that have been considered is disk rotation velocity. Although the Table shows
some cases with static disk, tests were performed with 15, 30 and 45 rpm as well. Water ﬂow rate varied between 12
and 25 l/s, while system pressure ranged from 3.4 to 4 bar depending on ﬂow rate. Finally, window region is also a
considered position. The last experiment corresponds to an unexpected pump trip experiment.
Before proceeding to compare experiments and simulations, the following CFD model features are presented:
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Fig. 3. Window sectors.
Table 1. Experiments table.
An example of a column heading Column A (t) Column B (t)
ORNL win 12L 4A 0 12 3.4 4-5A
ORNL win 12L 4-5B 0 12 3.4 4-5B
ORNL win 12L 4D 0 12 3.4 4D
ORNL win 12L 6D 0 12 3.4 6D
ORNL win 25L 4-5B 0 25 4 4-5B
ORNL win 25L 6-7B 0 25 4 6-7B
ORNL win 25L PT 4D 0 25 4 4D
• A mesh of around 5.2e6 cells.
• Realizable κ −  turbulence model.
• Steady state disk.
• Rotation direction: clockwise (15, 30 and 45 rpm).
• Water ﬂow rates: 12 l/s and 25 l/s.
It should be remarked these simulations do not take into account window deﬂection due to water pressure.
Figure 4 shows a comparison between CFD calculations and water velocity maps obtained at RTFT, in the case
of 12 l/s and position 4-5A. Left-side Figure shows results from CFD while right-side Figure shows velocity maps
obtained after post-processing images from RTFT. It can be observed in the experimental results that water velocity
is higher in channel 5-6 than in channel 4-5 with a very similar proﬁle to that obtained in CFD simulations. However,
maximum velocity diﬀers slightly in both cases. In the case of simulations, maximum velocity is reached in sector 4-
5A, being around 4-4.5 m/s while velocity obtained in the experiments is around 3 m/s. This diﬀerence is mainly due
to simulations not taking into account ﬂow deﬂection. Given that the window experiences deformation that increase
the ﬂow cross section, water velocity decreases to keep ﬂow rate constant.
Figure 5 presents a comparison for a ﬂow rate of 25 l/s in positions 4-5B. As in the previous case, it can be observed
that water velocity is higher in channel 5-6 than in channel 4-5, but the proﬁles have the same shape as those obtained
in CFD simulations. However, in this case, maximum water velocities have larger discrepancies than in the previous
case. maximum water velocity for simulations reaches around 8 m/s while during the experiment the maximum was
around 4.5-5 m/s. It was expected to have a larger discrepancy for a 25 l/s ﬂow rate, given that higher pressure leads
to larger deﬂection and a larger eﬀect on water velocity.
Therefore, in order to enhance CFD simulations, currently it is working on window deformation using ﬁnite ele-
ments with the aim of coupling with the CFD model.
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Fig. 4. 12 l/s ﬂow rate and location 4-5A comparison.
Fig. 5. 25 l/s ﬂow rate and location 4-5B comparison.
3.3. Pump trip experiment
A experiment was carried out to determine the time interval between an accidental cooling pump stoppage and
complete ﬂow stagnancy. The optimal way to determine this interval is to carry out an experiment with no disk rota-
tion. It was tested with a ﬂow rate of 25 l/s in position 4D. Figure 3.3 shows velocity maps in diﬀerent time instants
after pump stoppage. It can be observed that, after two seconds, the ﬂow has ceased completely. In other words,
ﬂuid inertia provides two seconds of additional cooling in pump accidents which could be important to deﬁne control
system velocity response.
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Fig. 6. Velocity maps at after pump stoppage.
4. Conclusions
Finally, the following conclusions can be remarked:
• At ESS-Bilbao facilities, diﬀerent water-cooled rotating targets can be tested. For instance, one proposal could
be to test ESS-Lund Caneloni target backup [Thomsen et al. (2011)] solution at the RTFT.
• In order to validate CFD simulations with experiments undertaken at the RTFT facility, it is necessary to take
into account ﬂow deﬂection due to window deformation under a certain circuit pressure. The higher the system
pressure, the more deformation occurs, and the lower velocities are obtained in the channels. However, velocity
proﬁles are equivalent in simulations and experiments.
• Water inertia results in a time interval of two seconds before the ﬂow completely stops after a pump stop, so
target cooling is guaranteed if accelerator can be shut down within this period.
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